Rationale The neural mechanisms mediating the ontogeny of behavioral sensitization are poorly understood. Objective The purpose of the present study was to determine the role of the D1 receptor for the induction of dopamine agonist-induced behavioral sensitization during the preweanling period. Methods In the first experiment, the early ontogeny of Rpropylnorapomorphine (NPA)-induced behavioral sensitization was examined by pretreating male and female rats with saline or NPA (0.5, 1, or 2 mg/kg, intraperitoneally (IP)) before placement in activity chambers on postnatal day (PD) 12, 16, 20, or 24. One day later, rats were tested with lower doses of NPA and the occurrence of locomotor sensitization was determined. In subsequent experiments, rats were injected with saline or the D1 receptor antagonist SCH23390 (0.1, 0.5, 1, or 5 mg/kg, IP) 0, 15, 30, or 60 min before cocaine, methamphetamine (METH), or NPA pretreatment. The next day, rats were tested with the same dopamine agonist again and sensitized responding was assessed. Results NPA produced one-trial behavioral sensitization at all ages tested. In preweanling rats, SCH23390, regardless of dose, was ineffective at preventing the induction of cocaine-, METH-, or NPA-induced one-trial behavioral sensitization. Conclusions The present results are in partial contrast to adult rodent studies, in which SCH23390 blocks the induction of METH-and apomorphine-induced behavioral sensitization, but not cocaine sensitization. When these findings are considered together, it appears that D1 receptor stimulation is not necessary for the induction of behavioral sensitization during the preweanling period, although D1 receptors may play a more important role in adulthood.
Introduction
The neural changes responsible for drug-induced behavioral sensitization may be an important component underlying addiction (for reviews, see Berridge 1993, 2008; Wolf and Ferrario 2010) . Behavioral sensitization occurs when rats pretreated with certain psychoactive compounds (e.g., cocaine, apomorphine, nicotine, or alcohol) show an augmented behavioral response after a challenge injection with the same drug (Kalivas and Stewart 1991; Vezina et al. 2007; Faria et al. 2008) . Although sensitized responding is typically assessed after multiple pretreatment exposures to a psychostimulant, adult rats and mice show robust behavioral sensitization after a single pretreatment administration of cocaine or amphetamine (Weiss et al. 1989; Jackson and Nutt 1993; Battisti et al. 2000; Kameda et al. 2011) . The number of pretreatment exposures does not appear to affect the longevity of the sensitized response in adult animals because one-trial and multi-trial behavioral sensitization is detectible for months after initial drug exposure (Leith and Kuczenski 1982; Robinson et al. 1982; Paulson et al. 1991; Valjent et al. 2010) .
Although both cocaine and amphetamine-like compounds are capable of inducing behavioral sensitization in adult rats and mice, there is accumulating evidence that the neural mechanisms underlying sensitized responding differ according to psychostimulant (for reviews, see White et al. 1998; Vanderschuren and Kalivas 2000) . For example, cocaine-but not amphetamine-induced behavioral sensitization is dependent on prefrontal glutamatergic transmission (Li and Wolf 1997; Pierce et al. 1998) . Also, D1 antagonists block the induction of amphetamine-, methamphetamine-(METH), and apomorphine-induced behavioral sensitization (Vezina and Stewart 1989; Mattingly et al. 1991; Kuribara and Uchihashi 1994; Dias et al. 2010) , whereas D1 receptor antagonism does not impair multi-trial cocaine sensitization (Mattingly et al. 1994; Kuribara and Uchihashi 1993; Kuribara 1995a) . The major exception to the latter result is provided by studies using the one-trial paradigm, in which the D1 antagonist SCH23390 was injected 15 min before a single pretreatment administration of cocaine (Fontana et al. 1993; Valjent et al. 2010) . When tested with cocaine 1 or 7 days later, adult rats did not exhibit a sensitized locomotor response. Thus, pretreatment with a D1 antagonist differentially affects the cocaine-induced behavioral sensitization of adult rats, depending on whether a one-or multi-trial procedure is used. Because the one-trial behavioral sensitization of adult rats and mice is under complete contextual control (Drew and Glick 1989; Weiss et al. 1989; Battisti et al. 1999; Valjent et al. 2010) , it is uncertain if SCH23390 prevented induction by disrupting associative learning processes or by altering the nonassociative neural mechanisms underlying behavioral sensitization (Fontana et al. 1993 ; see also White et al. 1998) .
Preweanling rats also exhibit behavioral sensitization after one or more psychostimulant exposures; however, the sensitized responding of preweanling animals differs from adolescent and adult rats in some important respects (for a review, see Tirelli et al. 2003) . For example, psychostimulant-induced behavioral sensitization appears to be weaker and less persistent in preweanling rats than adults (Smith and Morrell 2008; McDougall et al. 2009a ). Similar to adults, the multi-trial behavioral sensitization of preweanling rats is influenced by associative processes because sensitized responding is more persistent if drug pretreatment and testing occur in the same environmental context (Wood et al. 1998; Zavala et al. 2000) . In contrast to adult rats, however, the one-trial behavioral sensitization of preweanling rats is context-independent since the sensitized responding of young rats is equally robust if drug pretreatment occurs in the test chamber, home cage, or a separate novel compartment (McDougall et al. 2009b (McDougall et al. , 2011b Herbert et al. 2010) . In preweanling rats, the contextindependent nature of one-trial behavioral sensitization has been shown using cocaine, amphetamine, and METH (Kozanian et al. 2012; McDougall et al. 2013) . The neural mechanisms mediating behavioral sensitization during early ontogeny, including the role of the D1 receptor, have seldom been studied in the preweanling rat (for an exception, see Duke et al. 1997) .
The purpose of the present study was to determine the importance of the D1 receptor for the one-trial behavioral sensitization of preweanling rats. SCH23390 was administered prior to a single pretreatment injection of cocaine, METH, or the direct dopamine (DA) receptor agonist Rpropylnorapomorphine (NPA). One day later, rats were tested with the same DA agonist again and locomotor sensitization was determined. Although cocaine and METH are indirect agonists, both drugs were tested in the present study because they have different mechanisms of action (i.e., METH increases DA release through actions at the plasma membrane transporter and VMAT 2 , while cocaine is a DA and serotonin transport inhibitor). NPA has not been tested using this methodology, so a multidose parametric experiment was conducted to determine the early ontogeny of one-trial NPA-induced behavioral sensitization. The doses of cocaine and METH used in the present study were chosen because of their ability to produce strong one-trial behavioral sensitization in preweanling rats (McDougall et al. 2007 (McDougall et al. , 2011a Herbert et al. 2010) . In all cases, lower doses of DA agonists were administered on the test day, relative to the pretreatment day, in order to preferentially induce locomotor activity rather than stereotypy (for a fuller discussion, see Robinson and Becker 1986) .
Materials and methods

Subjects
Subjects were young male and female rats of Sprague-Dawley descent (Charles River, Hollister, CA) that were born and raised at California State University, San Bernardino (CSUSB). Litters were culled to ten pups on postnatal day (PD) 3. In all cases, eight subjects were used per group. All rats were housed on racks in large polycarbonate maternity cages (56×34×22 cm) with wire lids. Food and water were freely available. The colony room was maintained at 22-23°C and kept under a 12:12 light/dark cycle. Except during testing, rats were kept with the dam and littermates. Testing was done in a separate experimental room, maintained at 24-25°C, and was conducted during the light phase of the cycle. Subjects were cared for according to the "Guide for the Care and Use of Laboratory Animals" (National Research Council 2010) under a research protocol approved by the Institutional Animal Care and Use Committee of CSUSB.
Apparatus
Behavioral testing was done in activity-monitoring chambers (25.5×25.5×41 cm) that consisted of acrylic walls, a plastic floor, and an open top (Coulbourn Instruments, Allentown, PA). Each chamber included an X-Y photobeam array, with 16 photocells and detectors, that was used to determine distance traveled (a measure of locomotor activity).
Drugs
NPA hydrochloride was dissolved in saline containing 0.1 % metabisulfite (an antioxidant), whereas (+)-METH hydrochloride, (−)-cocaine hydrochloride, and R(+)-SCH23390 hydrochloride were dissolved in saline. Drugs were purchased from Sigma-Aldrich (St. Louis, MO) and injected intraperitoneally (IP) at a volume of 5 ml/kg.
Procedure
Experiment 1: NPA dose response Four different age groups (N=72 at each age) were tested: PD 12-13, PD 16-17, and PD 20-21 (early, middle, and late preweanling periods, respectively) as well as PD 24-25 (preadolescence). At each age, rats were randomly assigned to one of nine different treatment conditions (Table 1) . On the test day (i.e., PD 13, PD 17, PD 21, or PD 25), rats were given an injection of NPA (0.25, 0.5, or 1 mg/kg) prior to behavioral assessment. On the pretreatment day, which occurred 24 h earlier, rats received a single injection of saline (i.e., the acute control group) or a greater dose of NPA (0.5, 1, or 2 mg/kg) than was administered on the test day. In other words, rats pretreated with 0.5 mg/kg NPA were tested with 0.25 mg/kg NPA; rats pretreated with 1 mg/kg NPA were tested with 0.25 or 0.5 mg/kg NPA; and rats pretreated with 2 mg/kg NPA were tested with 0.25, 0.5, or 1 mg/kg NPA. On both days, rats were placed in activity chambers immediately after being injected and distance traveled was measured for either 30 min (pretreatment day) or 120 min (test day).
Experiment 2: Effects of D1 receptor blockade on cocaine-, METH-, and NPA-induced behavioral sensitization Ontogenetic studies examining the preweanling period have shown that cocaine-induced one-trial behavioral sensitization is strongest when assessed around PD 21, whereas METHand amphetamine-induced one-trial sensitization is most robust at PD 17 (Kozanian et al. 2012; McDougall et al. 2013 ). Cocaine and METH sensitization was either weak or not evident at the opposing ages (Kozanian et al. 2012) . In the present study, therefore, cocaine-induced behavioral sensitization was assessed on PD 20-21, while METH-and NPA-induced sensitization was assessed on PD 16-17 (N=48 for each agonist condition). On the pretreatment day, rats were injected with SCH23390 (0, 0.1, 0.5, 1, or 5 mg/kg) followed, 15 min later, by an injection of 30 mg/kg cocaine. Rats in the acute control group were given two injections of saline. After the second injection, rats were placed in activity chambers and distance traveled was measured for 30 min. On the test day, all rats were injected with 20 mg/kg cocaine and placed in activity chambers for 120 min. To examine the effects of D1 receptor antagonism on other DA-acting drugs, separate groups of rats were treated as just described, except they were pretreated and tested with METH (pretreatment day, 4 mg/kg; test day, 2 mg/kg) or NPA (pretreatment day, 2 mg/kg; test day, 0.5 mg/kg). The general methodology employed in this experiment (i.e., administering SCH23390 15 min prior to DA agonist treatment and testing rats 24 h later) was identical to a study conducted by Fontana et al. (1993) , in which it was found that SCH23390 blocked the cocaine-induced one-trial behavioral sensitization of adult rats.
Experiment 3: Effects of varying the time of SCH23390 administration
As in experiment 2, cocaine-induced behavioral sensitization was assessed on PD 20-21, while METH-and NPA-induced sensitization were assessed on PD 16-17 (N=40 for each agonist condition). On the pretreatment day, rats were injected with 0.5 mg/kg SCH23390 either 0, 30, or 60 min before receiving a single injection of cocaine (30 mg/kg), METH (4 mg/kg), or NPA (2 mg/kg). Rats in the acute control groups were given two injections of saline. After the second injection, rats were placed in activity chambers and distance traveled was measured for 30 min. On the test day, rats were injected with cocaine (20 mg/kg), METH (2 mg/kg), or NPA (0.5 mg/kg) and placed in activity chambers for 120 min (rats were pretreated and tested with the same compound).
Data analysis
Litter effects were controlled through both experimental design and statistical procedures. In most experiments, no more than one subject per litter was assigned to a particular group. In cases where this procedure was not possible (e.g., analysis of the pretreatment day), a single litter mean was calculated from multiple littermates assigned to the same group (Holson and Pearce 1992; Zorrilla 1997) . When possible, litter was used as the unit of analysis for statistical purposes (Zorrilla 1997 this statistical model, each litter, rather than each rat, is treated as an independent observation (i.e., a within analysis using one value/condition/litter). Between-subjects statistical procedures were used when experiments included more than ten groups (i.e., when individual litters did not contain enough subjects to provide one subject per group). Unlike adults, prepubescent rats do not typically exhibit sex differences after treatment with DA agonists (Frantz et al. 1996; Bowman et al. 1997; Snyder et al. 1998; McDougall et al. 2013 ). Consistent with these past studies, preliminary analyses indicated that distance-traveled data did not differ according to sex, so this variable was not included in the final statistical analyses. Depending on experiment, data from the pretreatment day were analyzed using two-or three-way repeated measures (5-min time blocks) analyses of variance (ANOVAs). When the assumption of sphericity was violated, as determined by Mauchly's test of sphericity, the Huynh-Feldt epsilon statistic was used to adjust degrees of freedom (Huynh and Feldt 1976) . Test day data were collapsed across the time variable and analyzed using one-or two-way ANOVAs. Each experiment included distinct subsets of treatment groups (e.g., the cocaine-, METH-, and NPA-treated rats of experiments 2 and 3), so these data were analyzed separately. Post hoc analysis of distancetraveled data was done using Tukey tests. When further analyzing statistically significant higher order interactions, the mean square error terms (i.e., MS error ) used for the Tukey calculations were based on separate one-way ANOVAs at each time block.
Results
Experiment 1: NPA dose response
Pretreatment day
An omnibus age×dose×time block ANOVA indicated that the age variable interacted with NPA dose to affect distance traveled on the pretreatment day ( Fig. 1) [age×dose interaction, F 9,112 =6.81, P<0.001; age×dose×time block interaction, F 36,449 =6.56, P<0.001]. Overall, rats tested on PD 16 exhibited more locomotor activity than rats tested on PD 12, with the PD 20 and PD 24 rats having greater distancetraveled scores than either of the younger age groups [age main effect, F 3,112 = 63.76, P < 0.001 and Tukey tests, P<0.05]. To further assess the higher-order interactions, separate dose×time block ANOVAs were used to analyze distance traveled at each age. On PD 12, all doses of NPA (0.5, 1, or 2 mg/kg) increased distance-traveled scores (upper graph, Fig. 1 Rats receiving 0.5 or 1 mg/kg NPA had greater distancetraveled scores than saline controls on time blocks 2-6, while the 2 mg/kg NPA group differed from the saline group on time blocks 3-6 (lower graph, Fig. 1 
Test day
Sensitized responding to NPA was evident in all four age groups, but the pattern of effects often differed according to dose (Fig. 2) . On PD 13, rats tested with 0.25 mg/kg NPA and pretreated with 0.5 mg/kg NPA exhibited greater distancetraveled scores than rats given an acute injection of 0.25 mg/kg NPA on the test day (i.e., the acute control group; upper graph, Fig. 2 
Experiment 2: Effects of D1 receptor blockade
Pretreatment day
When collapsed across the pretreatment session, rats treated with cocaine alone or cocaine plus SCH23390 (0.1, 0.5, 1, or 5 mg/kg) had greater distance-traveled scores than saline controls (upper graphs, Fig. 3) [group main effect, F 5,42 = 8.29, P < 0.001 and Tukey tests, P < 0.05]. Overall, rats injected with cocaine plus SCH23390 did not differ from rats given cocaine alone. These effects varied across the testing session because rats treated with cocaine plus SCH23390 had smaller distance-traveled scores than the cocaine-alone group on time block 1 [group×time block interaction, F 22,188 = 5.39, P < 0.001 and Tukey tests, P < 0.05]. On time block 2, the three higher doses of SCH23390 (0.5, 1, or 5 mg/kg) decreased locomotor activity relative to the cocaine-alone group (Tukey tests, P<0.05). On subsequent time blocks, SCH23390 did not reduce the distance-traveled scores of cocaine-treated rats. Consistent with this finding, rats treated with cocaine plus SCH23390 had greater distance-traveled scores than saline controls on time blocks 4-6 (Tukey tests, P<0.05).
A somewhat similar pattern of effects was evident after METH treatment (middle graphs, Fig. 3 ) since rats given METH-alone or METH plus 5 mg/kg SCH23390 exhibited more locomotion on the pretreatment day than saline controls [group main effect, F 5,42 =4.66, P<0.01 and Tukey tests, P<0.05]. Differences between the METH alone and saline groups were apparent on all time blocks except for time block 3, while rats given METH plus SCH23390 had greater When collapsed across the pretreatment session, rats treated with NPA plus 0.1 mg/kg SCH23390 had greater distancetraveled scores than saline controls (lower graphs, Fig. 3) [group main effect, F 5,42 =2.72, P<0.05 and Tukey tests, P<0.05]. Analysis of the individual time blocks showed that the NPA-alone group exhibited more locomotion than the saline controls on time block 1, while rats given NPA plus 0.1 mg/kg SCH23390 had greater distance-traveled scores than the saline controls on time blocks 1 and 3 [group×time block interaction, F 24,204 =1.71, P<0.05 and Tukey tests, P < 0.05]. At no point did SCH23390 reduce distancetraveled scores relative to the NPA-alone group.
Test day
Cocaine produced behavioral sensitization in nonSCH23390-treated animals (upper graph, Fig. 4 ) because rats pretreated and tested with cocaine (black bars) had greater distance-traveled scores than rats given their first injection of cocaine on the test day (open bars) [group main effect, F 5,42 =3.27, P<0.05 and Tukey tests, P<0.05]. Importantly, a pretreatment day injection of SCH23390 (0.1, 0.5, 1, or 5 mg/kg) did not attenuate distancetraveled scores on the test day when compared to cocaine-pretreated rats given 0 mg/kg SCH23390.
A similar pattern of results was apparent in the METH groups (middle graph, Fig. 4) , as rats pretreated and tested with METH had greater distance-traveled scores than the acute controls [group main effect, F 5,42 =4.07, P<0.01 and Tukey tests, P<0.05], with SCH23390 not influencing test day locomotor activity. Repeated treatment with NPA also produced a sensitized locomotor response (lower graph, Fig. 4) [group main effect, F 5,42 =9.92, P<0.001 and Tukey tests, P<0.05], which SCH23390 pretreatment did not significantly modify. Rats pretreated with NPA plus 5 mg/kg SCH23390 exhibited somewhat greater distance-traveled scores than rats pretreated with NPA plus 0 mg/kg SCH23390, but this effect was not statistically significant (P=0.10). Performance on the pretreatment day was similar to experiment 2 (data not shown). On the test day, a single pretreatment injection of cocaine, METH, or NPA was sufficient to produce behavioral sensitization because preweanling rats given a pretreatment and test day injection of these compounds had greater distance-traveled scores than their acute control groups (Fig. 5) [group main effects, F 4,28 = 7.21, P < 0.001; F 4,28 = 15.65, P<0.001; F 4,28 =5.60, P<0.01, respectively, and Tukey tests, P<0.05]. SCH23390 did not attenuate sensitized responding, regardless of whether the D1 antagonist was administered 0, 30, or 60 min prior to DA agonist treatment.
Discussion
In a series of studies, we previously reported that young rats show strong one-trial behavioral sensitization, but the age at which sensitized responding was exhibited depended on the psychostimulant being administered (McDougall et al. 2011a , Mean distance-traveled scores (±SEM) of rats (n=8 per group) on the test day. Rats were challenged with cocaine, METH, or NPA immediately before behavioral testing. On the pretreatment day (i.e., 24 h earlier), rats were injected with saline or SCH23390 (0.5 mg/kg) 0, 30, or 60 min before DA agonist pretreatment. a Significantly different from the acute control group 2013; Kozanian et al. 2012) . For example, amphetamine and METH caused the most robust sensitized responding at PD 13 and PD 17, while cocaine only produced behavioral sensitization in older animals (i.e., at PD 21). In the present study, the direct DA agonist NPA also produced one-trial behavioral sensitization in young rats (see Fig. 2 ), but age did not serve as a constraining influence. More specifically, NPA-induced sensitized responding was apparent at all ages tested (i.e., PD 13, PD 17, PD 21, and PD 25) , with the occurrence of behavioral sensitization varying according to drug dose. In the three older age groups, a pretreatment injection of 2 mg/kg NPA and a test day injection of 0.5 mg/kg NPA produced the strongest behavioral sensitization, whereas PD 13 rats expressed a sensitized locomotor response after a test day injection of 0.25 or 1 mg/kg NPA. It is curious that NPA supported one-trial behavioral sensitization at all ages tested, while the sensitized responding of METH-and cocainetreated rats was restricted to specific ages. Whether these differences are a consequence of each drug's mode of action (i.e., direct vs. indirect agonism) or some other combination of factors (e.g., drug pharmacokinetics, neurotransmitter systems affected, doses used, etc.) is uncertain. Many researchers, including ourselves, have shown that SCH23390 blocks the induction of amphetamine-and METH-induced behavioral sensitization in adult rats and mice (Vezina and Stewart 1989; Kuribara 1995b; Karper et al. 2002; Kelly et al. 2008) . In contrast, an extremely broad dose range of SCH23390 (0.1-5 mg/kg) did not attenuate the METH-induced sensitized responding of preweanling rats. At 5 mg/kg, SCH23390 has nonspecific actions, but this dose was included to highlight that D1 receptor antagonism does not eliminate or even significantly reduce the strength of the sensitized response in preweanling rats. Direct DA agonists produce a similar pattern of effects as METH since SCH23390 blocks the induction of apomorphine-induced sensitization in adult rats (Mattingly et al. 1991; Dias et al. 2010) , whereas preweanling rats showed an undiminished sensitized response on the test day, despite the fact that 1 day earlier SCH23390 was injected 0-60 min before NPA pretreatment. The inability of a D1 receptor antagonist to block behavioral sensitization during the preweanling period does not extend to other reward-related behaviors because SCH23390 attenuates the appetitive approach responding (McDougall et al. 1991) and sucrose ingestion (Tyrka and Smith 1991) of preweanling rats. Moreover, administering SCH23390 either systemically or directly into the prefrontal cortex blocks the cocaine-induced place preference conditioning of preweanling and adolescent rats, respectively (Pruitt et al. 1995; Brenhouse et al. 2008) . Together, these results suggest that the role played by the D1 receptor in behavioral sensitization differs markedly from other reward-related behaviors.
In adult rodents, the impact of D1 receptor blockade on cocaine-induced behavioral sensitization is more complex than for other DA-acting drugs because SCH23390 blocks one-trial, but not multi-trial, cocaine sensitization (Fontana et al. 1993; Kuribara 1995a; Steketee 1998; Valjent et al. 2010) . It is uncertain why D1 receptor antagonism is only able to disrupt the one-trial cocaine sensitization of adult rodents, although the context-dependent nature of one-trial sensitization may be critical. Because drug-environment associations are unimportant for the one-trial behavioral sensitization of preweanling rats (McDougall et al. 2009b (McDougall et al. , 2011b Herbert et al. 2010) , we originally hypothesized that SCH23390 would not attenuate cocaine-induced sensitized responding on PD 21. This result was obtained. Even so, the inability of SCH23390 to block the sensitizing effects of all three DA agonists is noteworthy, especially considering the disparate actions of SCH23390 in adult rats. From this perspective, it is the inconsistent effects of SCH23390 in adult rats (vis-à-vis cocaine and amphetamine sensitization) that are puzzling. In contrast, the uniform pattern of SCH23390's actions in younger animals supports the conclusion that D1 receptor stimulation is not necessary for the induction of onetrial behavioral sensitization in preweanling rats, regardless of the DA agonist being administered or its mechanism of action (e.g., DA releaser, transport blocker, or direct receptor agonist).
Another interesting finding is that SCH23390 (0.1-5 mg/kg) was unable to fully attenuate the cocaine-, METH-, and NPAinduced locomotor activity of preweanling rats on the pretreatment day. This does not imply that D1 receptor antagonism was without behavioral impact because SCH23390 reduced the locomotor activity of cocaine-and METH-treated rats at the beginning of the 30-min pretreatment session. By the end of the session, however, distance-traveled scores of preweanling rats treated with cocaine plus SCH23390 (or METH plus SCH23390) did not differ from rats given the same indirect agonist alone. These results vary from data gained using adult rodents because comparatively low doses of SCH23390 (0.03-0.5 mg/kg) fully attenuate the acute locomotor-activating effects of cocaine and METH on the pretreatment day (Ujike et al. 1989; Kuribara and Uchihashi 1994; Kuribara 1995b; White et al. 1998) .
The pattern of results just discussed may imply that there is a relationship between the occurrence of psychostimulantinduced locomotion on the pretreatment day and the expression of behavioral sensitization on the test day. This relationship does not appear to be causative, however, because preweanling and adult rats anesthetized during the pretreatment phase (i.e., rats are incapable of locomotion) still exhibit behavioral sensitization on the test day (Wang and Hsiao 2003; Herbert et al. 2010) . Furthermore, adult mice injected with SCH23390 up to 5 h after METH pretreatment do not exhibit behavioral sensitization on the test day (Kuribara 1995c) . Thus, SCH23390 can block the induction of METH-induced behavioral sensitization even when animals are able to express a full locomotor response on the pretreatment day. When considered together, these results suggest that the inability of SCH23390 to block the sensitized responding of preweanling rats is not attributable to an incomplete inhibition of locomotor activity on the pretreatment day. A more parsimonious conclusion is that these SCH23390-induced effects are dissociable: (1) D1 receptor blockade reduces but does not fully attenuate the acute locomotor activating properties of cocaine and METH in young rats and (2) D1 receptor stimulation is unnecessary for the induction of cocaine-, METH-, or NPA-induced one-trial behavioral sensitization during the preweanling period.
Both White et al. (1998) and Valjent et al. (2010) have suggested that the mechanisms underlying one-trial and multi-trial behavioral sensitization differ. Accumulating evidence also indicates that the mechanisms mediating one-trial behavioral sensitization vary markedly between the preweanling period and adulthood. For example, there is abundant evidence that contextual conditioning does not influence the one-trial behavioral sensitization of preweanling rats (e.g., McDougall et al. 2009b) , whereas drug-environment associations are necessary for the occurrence of one-trial behavioral sensitization in older animals (e.g., Weiss et al. 1989) . In adult rats, the D1 antagonist SCH23390 blocks the induction of onetrial cocaine-induced behavioral sensitization as well as METH-and apomorphine-induced sensitized responding (Mattingly et al. 1991; Kuribara 1995b; Valjent et al. 2010) . In preweanling rats, on the other hand, SCH23390 does not block or significantly reduce cocaine-, METH-, or NPAinduced behavioral sensitization. Lastly, the persistence of one-trial behavioral sensitization differs dramatically according to age. During adulthood, a sensitized response can be detected for months after a single pretreatment injection of cocaine or amphetamine (Robinson et al. 1982; Valjent et al. 2010) , whereas preweanling rats only exhibit one-trial behavioral sensitization for a few days after initial drug exposure (McDougall et al. 2009a ). Together, these results suggest that the behavioral manifestations and underlying mechanisms mediating one-trial behavioral sensitization differ across ontogeny.
In summary, both indirect (cocaine and METH) and direct (NPA) DA agonists produce robust one-trial behavioral sensitization in preweanling rats. Regardless of the agonist being tested, D1 receptor stimulation is unnecessary for the induction of behavioral sensitization during the preweanling period. These results are contrary to what is observed in adult rats and suggest that the mechanisms mediating one-trial behavioral sensitization differ markedly across ontogeny.
